This study identifies the severity of impacts of drought in 2012 on domestic water supply, crop production, unskilled rural employment, and financial status of rural households in a drought-prone area of India. It is based on secondary and primary data collected by interviewing 223 households. The data were analyzed using descriptive and inferential applications in SPSS. As a consequence of drought, access to domestic water supply was cumbersome and time spent on water collection activities almost doubled compared with the time required in years with normal rainfall. On average, a respondent household suffered a loss of about 86% in production of major crops. High reductions in on-farm unskilled employment opportunities and an increase in unskilled labor in off-farm rural employment activities were reported. It was found that about 69% of respondents were availing loans and 79% of them delayed repayment of loans due to the consequences of drought. Our results indicated that the extent of drought damage varied according to household size, annual income, landholding size, farming system in use, and drought intensity. The effects of these factors on farming communities are reported with empirical evidence. Respondents with large family size, low to marginal land holding size, low income, and rainfed farming systems are found to be more vulnerable to drought impacts; special attention should be given towards increasing their resilience when designing drought management strategies.
Introduction
The Fourth Assessment Report of the Intergovernmental Panel on Climate Change [1] stated that the tropics of Asia and Africa could experience a significant change in the frequency and intensity of droughts in the mid-to late 21st century. According to the report, the likely increase in frequency of droughts will have negative impacts on agriculture, forestry, and ecosystems (land degradation, crop damage, lower yields, increased livestock deaths, and increased risk of wildfire); water resources (more widespread water stress); human health (increased risk of food and water shortages, malnutrition, and water-and food-borne diseases); and industry, settlements and society (water shortages for industry and societies, reduction in hydropower generation potentials and increased potential for population migration). It is well accepted that developing countries are more vulnerable to drought when compared with developed countries [2] . India is among the most vulnerable drought-prone countries in the world and about two-thirds of its gross cropped area is drought prone [3] . Since the mid-nineties, India has been experiencing prolonged and widespread droughts in consecutive years, with increasing frequency in recent times [4] . Although agriculture contributes only 14.62% of India's GDP [5] , the majority of the Indian population depends on agriculture and allied activities for their livelihood. The population is mainly engaged in crop farming, livestock rearing, and unskilled agricultural labor activities. Out of the total work force of India, about 54.6% (24.6% as agricultural cultivators and 30% as agricultural laborers) were engaged in agriculture and allied activities in 2011 [6] and about 53% of India's gross cropped area is rainfed. This shows a heavy dependence of the agrarian economy on rainfall. A study by Gulati and Saini [7] has revealed that India's agriculture GDP falls by about 0.35% points with every 1% point fall in long period average monsoon rainfall (JuneSeptember).
Understanding micro level, i.e., village and household drought impacts is equally important as the assessment of macro level (national) impacts [8] , in order to identify the most appropriate, effective, and efficient responses available to national, state, or local governments to build self-reliance and preparedness to mitigate drought [9] [10] [11] . Still, few studies have endeavored to identify drought impacts at the local and regional scale [12] . Studies by Sivakumar et al. [13] , Meadow et al. [14] , and Abraham [15] recommend region specific, local level analysis to evaluate the agronomic and economic impacts of drought. Only a few studies assessing local impacts of drought on domestic water supply and crop production at various levels have been carried out in India, for example, studies by Ashalatha et al. [16] (a case study of Karnataka from Dharwad district, impacts of drought 2006 on agriculture productivity); The World Bank report [17] (a case study of Maharashtra (Ahmednagar and Nashik districts)); and Andhra Pradesh (Chittoor and Anantapur districts), (impacts of drought 2002-2003 on crop production and income); Khurana and Mahapatra [18] (impacts of drought 2003-2008 on rural drinking water in Bundelkhand region); Pandey and Bhandari [19] (economic cost of drought in relation to rice farming in eastern India); etc. However these studies lack full-range quantification of various drought impacts, which is of great importance in planning and mitigation. Drought impacts on domestic water collection, unskilled employment activities, and farmers' indebtedness are often neglected, while attention is focused mainly on the direct impacts on crop production and income [20] . Due to drought-driven water scarcity, more time is being spent on daily water collection from remote sources, particularly by women and children, which reduces the time available for unskilled employment activities and schooling of children and can also have negative impacts on health [21] . Agricultural failures due to drought subsequently affect local economies and employment opportunities, resulting in financial hardship and forcing farmers to make loans at high interest rates. The situation worsens if drought is prolonged, which results in household food insecurity and an accumulation of loans along with their interest amounts. Therefore, in addition to the impacts of drought on crops and income, attention must be paid to the assessment of drought impacts on domestic water collection, rural employment activities, and financial status including levels of debt.
A previous study by Udmale et al. [22] briefly reviews the major impacts of the 2012 drought on Maharashtra State's water resources, agriculture, food security, adopted adaptation, and mitigation measures. Another study by Udmale et al. [21] focuses on farming communities' perceptions of the impact of drought on their socioeconomic activities and environment, their adaptation at the household level, and opinions in qualitative terms on government drought mitigation measures. This study presents quantitative assessments of the impacts of drought on domestic water supply, agriculture production, unskilled agricultural and rural employment, and the financial status of rural farming communities, as well as the severity of drought impacts across different respondent characteristics with statistical analysis. A representative drought-prone catchment of Maharashtra State in Western India is selected for study. This study poses following questions 1. What types of water sources do communities use? What is their profile in terms of water collection activities such as water carried per trip, number of trips per day, time spent in water collection, and amount of water use and demand during normal versus drought years? 2. What is the extent of damage caused by drought to agricultural crops and the rural employment sector? What are the implications of drought on farmers' financial wellbeing and indebtedness? 3. What effects do household size, household income, landholdings size, farming systems, and drought intensity have on the above-mentioned issues 1and 2?
The findings of this study will help researchers and policy makers understand the direct micro-level impacts of drought on rural livelihoods. It will help in the design of appropriate drought mitigation measures and in the improvement of existing ones, such as the provision of water supply tankers, compensation for agricultural damage, employment opportunities, and financial support to farmers in terms of agricultural subsidies and loan waivers, etc.
Study area and drought
Maharashtra is a state in western India (Fig. 1) [23] . Rainfall in Maharashtra is dominated by the South Asian monsoon (JuneSeptember) with an annual average rainfall of 1465 mm. The division-wide annual average rainfall is 3079, 904, 799, and 1077 mm for Konkan and Goa, Central Maharashtra, Marathwada, and Vidarbha divisions respectively. The mean maximum temperature in the state varies from 38 to 40°C in May (summer) and the minimum temperature varies from 11 to 16°C in January (winter). Out of the four divisions of Maharashtra, Central Maharashtra and Marathwada divisions suffer from frequent drought and water scarcity.
IMD defines drought as a year or season in which the total rainfall is less than 75% of the climatological norm (or 30-year average). It is further classified as a year or season of moderate or severe drought if the rainfall deficit is between 26% and 50% or more than 50%, respectively. The probabilities of occurrence of moderate or severe drought over Central Maharashtra are about 14% and 1%, respectively and the probabilities of occurrence of moderate or severe drought over Marathwada division are about 16% and 2%, respectively [24] . In this study, the Standardized Precipitation Index (SPI) is used for characterizing the drought events in Central Maharashtra and Marathwada divisions during 1951-2012 and the IMD's definition based on deficit rainfall is used for defining drought intensity at taluka (subdistrict) level. A detailed description of the SPI calculation can be found in McKee et al. (1993) . Fig. 2(a and b) shows the drought events from 1951 to 2012, in which Central Maharashtra division faced 4, 4 and 4 moderately (À 1.00oSPIr À 1.49), severely (À1.5oSPIr À 1.99), and extremely (SPIZ À2.00) dry drought events respectively; whereas Marathwada division faced 9, 3 and 3 moderately, severely, and extremely (SPIZ À 2.00) dry drought events respectively in the last 62 years. The droughts of 1971-73, 1984-88, 1991-93 , and 2011-12 saw extremely dry events reported in both the divisions. A recent extremely dry drought, which commenced in 2011 and deepened further in 2012, had devastating impacts on domestic water supply, agricultural production, and socioeconomic activities of the rural farming community. For a detailed analysis of direct drought impacts on rural farming communities, a representative drought-prone catchment located in southern Maharashtra, i.e., the Upper Bhima Catchment, is considered for the present study. The catchment falls in Central Maharashtra and Marathwada meteorological subdivisions as shown in Fig. 1 
Research design

Instruments
The questionnaire survey is one of the most common and effective instruments used in data elicitation processes. Face-to-face interviews, telephone interviews, Internet, and mail questionnaires are various modes of questionnaire survey. Of all modes, the faceto-face survey delivers the most representative results. The questionnaire for this study was administered as a face-to-face interview by the researcher. In order to allow the researcher to collect the most accurate data from a target population, the questionnaire must be unbiased. Bias is a problem in questionnaire design and administration. It is a result of unanticipated communication gaps between the researcher and the target population that yield inaccurate results [25] . Bias can arise from the way an investigator asks questions or the questionnaire as a whole is designed and administered. To avoid these potential biases, various steps are suggested [25] [26] [27] [28] [29] while designing and administering the questionnaire, such as: the words used in the questions are kept simple, familiar, and unambiguous to the target population; the questionnaire is kept short in length in order to avoid response fatigue and question-skipping tendencies in respondents; questions on a given topic are grouped together and transitional statements are used to switch between different topics or sections. During the administration of the questionnaire, care was taken to avoid the respondents' subconscious reactions (the tendency of trying to be conservative), conscious reactions (fake responses to seek sympathy), inaccurate recall, and cultural differences. The questionnaire was designed with reference to earlier studies by Habiba et al. [30] , Manandhar et al. [31] , and Keshavarz et al. [32] , etc. Climate change, water resource, and agricultural experts were also consulted at this stage. The questionnaire was designed to gather information about domestic water collection activities, crop production, employment, and the financial status of farmers to facilitate comparison between normal-year (NY) and drought-year (DY) conditions. A normal year in this study is considered to be a year with timely rainfall in sufficient amounts or a year during which expected or average crop production is obtained by farmers. A drought year is defined according to the definition of IMD mentioned earlier (Fig. 3) . For better understanding and communication, this survey was conducted in the local language (Marathi). The questionnaire was pretested with subsets of the target population (i.e., a few farmers from two representative villages) to check the questions for redundancy, missing information, relevancy, and validity. The questionnaire was then revised based on the pre-test results. The individuals included in the pre-test were excluded from the sample considered in this study.
Procedure
In order to fulfill the objectives of this study (in the form of the questions raised in the Introduction) and to capture the impacts of the 2012 drought on rural farming households, a structured questionnaire survey was conducted in the Upper Bhima Catchment in May 2013. A multi-stage stratified systematic survey sampling technique was used to select samples from the target population (with villages considered as the penultimate unit and households as the final unit) [33] . An individual household was considered as the primary sampling unit for this survey. In order to perform uniform sampling, the catchment was divided into three strata, based on the percentage of irrigation coverage-areas with less than 15% (low), between 15% and 30% (medium), and more than 30% (high ) irrigation of the total cultivated area, obtained by averaging the gridded irrigation percentages over each sub-district. It was assumed that the extent of irrigation coverage may influence the drought damage experienced by the community. The gridded irrigation coverage in percent for the catchment was obtained from FAO Global Maps of Irrigated Area [34] and the list of villages and population data in the catchment were obtained from the website of Census of India [6] .
To determine a sample size for this survey, the household survey sample design procedure of the United Nations Statistics Division [35] was used. A total of 223 households were included in this survey. In the first stage, the villages were selected by the probability proportional to size sampling technique, while in the second stage households were chosen from selected villages by a random walk technique. Considering the population proportion in all three strata, 76, 74 and 73-households were selected from low-, medium-and high-irrigation strata respectively from 23 villages. Each respondent household representative was interviewed faceto-face with the help of the pre-tested questionnaire. The response rate of the survey was almost 100% due to the respondents' interest in discussing the drought situation in the area and their availability at home in the off season for agriculture in the month of May. However, there was item non-response observed in a few cases with certain questions due to the inability of the respondent to recall the requested information. These cases were eliminated from the analysis.
Data analysis
Data were analyzed using SPSS (Statistical Package for the Social Sciences). Descriptive and inferential statistics are used to assess the impact of drought on domestic water supply, agricultural production, employment opportunity for unskilled laborers, and financial status of farmers. The Shapiro-Wilk test as a numerical means of assessing normality is used for testing the normality of continuous variables. It is found that the continuous variables used for analysis violate the assumption of normality; hence nonparametric test statistics are used for the analysis. The Wilcoxon signed ranks test (non-parametric counterpart to dependent t-test) is used for normal-and drought-year comparison of continuous variables (for example, time spent per trip to fetch water from the source, normal-and drought-year crop production, etc.). The Man-Whitney U test (nonparametric counterpart to independent t-test) and Kruskal-Wallis H test (nonparametric counterpart to one-way ANOVA) are used for comparison of continuous variables within two groups and more than two groups that may have different sample sizes, respectively [36] . In addition to this, Jonckheere's trend test is applied to find out the trend of significantly different cases against various groups. Outliers in the data are identified using the outlier labeling rule given in Hoaglin and Iglewicz [37, 38] however, we did not remove outliers since the results of nonparametric tests were found to be less sensitive to outliers [39] . Medians are provided in the descriptive statistics for explicit understanding as outliers have less effect on this measure. Results of various nonparametric tests are reported using degrees of freedom, test statistics, p values (two-tailed at 5% significance level and 95% confidence interval) and effect size r. Drought impacts across varying farming system, household size and income, land holding size, and drought intensity are analyzed by dividing the respondent population into several groups: farming system (based on type of irrigation as rainfed, irrigated, and mixed (rainfed as well as irrigated) farming systems), household size [four sizes (1-4, 5-6, 7-10, and more than 11 family members per household], land holding size (households with (marginal (o1 ha), small (1-2 ha), medium (2-4 ha), large (44 ha) land holdings) [40] , annual household income (low (oINR45,000 or US $828), middle (between INR45,000 or US$791 and INR180,000 or US$3,313), and high ( 4INR180,000 or US$3,313)) [41] , and drought intensity (severe and moderate drought) based on the IMD definition [42].
Results
Socioeconomic profile of the respondent households
About 223 households were interviewed, of which 79.4% and 20.6% were household heads and their relatives (wife, son, daughter, etc.) respectively. The average age of the respondents was 42 years (the range was 14-76 years). The Man-Whitney U test and Kruskal-Wallis H test revealed no significant differences in respondents' answers depending on whether the household heads or family members were involved in the survey and their age, respectively. The overall average household size of the sampled population was about six, which is larger than the average size of five persons per household in Maharashtra State [6] . Data on education indicate that about 9.4%, 29.1%, 47.5% and 13.9% respondents had no education, completed their primary education, secondary or higher secondary, and bachelor's degree or higher education, respectively. Crop farming, livestock farming, and agricultural labor were the major sources of income of about 98.2%, 79.8% and 37.2% respondent households respectively. The average land holding size was 5 acres (2 ha) and average head of livestock (cattle, buffalo, sheep and goats) per household was six. The average annual income of respondent households was US $1975 (US$1 ¼INR54.33 on March 31, 2013). Detailed figures are given in Table 1 .
Impacts of drought on domestic water supply
About 214 out of 223 households responded to questions related to water supply activities, while 9 respondents with missing responses were not considered for the analysis. During normal years, 36% (77 out of 214) respondents were supplied with tap water (households connected with public water supply through pipelines); however, this number was reduced to 14% (30 out of 214) in drought years due to drought-driven water scarcity. This indicates the failure of public water supplies in the villages during drought, which forces more respondent households to fetch water from remote water supply sources. Tap water and hand pumps were other sources of domestic water. It is also found that those respondents getting tap water during both normal and drought years were forced to fetch water from distant sources due to irregularities in tap water supply. During normal years, dug and bore wells were the major sources of domestic water supply (Fig. 4a ). Some respondents also carried water from rivers and ponds. A few localities face water scarcity problems throughout the year and water is made available to them through tanker water supplies operated by local governments. Excessive pumping of groundwater caused declines in groundwater levels, which resulted in drying of shallow dug wells; however, deep dug wells, bore wells, and hand pumps remained as sources of domestic water during drought. However, the majority of respondents fetched water from water supply tankers during episodes of drought. It is found that women and children were mainly engaged in domestic water collection activities in normal years. The water is carried from distant sources by vessels on the head, bicycle, motorcycle, and bullock cart, as well as by tankers.
About 76.6% (164 out of 214) households were fetching water from distant sources in normal years, increasing to 91.6% (196 out of 214) during drought years. Comparative histograms for normal-and drought-year water-fetching activities are shown in Fig. 4b-f and descriptive-inferential statistics are given in Table 2 . Time spent for water collection per return trip is considered as the sum of time needed to walk from home to the nearest water supply source, waiting time for filling water vessel at the source, and time needed to return back from the source to home. The Wilcoxon signed-rank test indicates that the time spent per trip to fetch water from a remote source per household was significantly higher during drought years (mean¼41.4 min/trip, median¼30 min/trip) as against normal years (mean¼20.4 min/trip, median¼15 min/trip), z¼ À8.644, p¼0.000, r¼ À0.485. Total number of trips per day to fetch water from a remote source was significantly lower during drought years (mean¼5.9 trips/day, median¼5 trips/day) than in normal years (mean¼6.6 trips/day, median¼5 trips/day), z¼ À3.239, p¼0.001, and r¼ À0.182, probably due to the increased time and distance to fetch water from the source. The water volume fetched in a trip from a remote source was significantly higher during drought years (mean¼55.8 l/trip, median ¼40 l/trip) when compared with normal years (mean¼ 44.7 l/trip, median ¼30 l/trip), z¼ À3.180, p ¼0.001, r ¼ À0.178. This indicates that the respondents tend to reduce the number of trips and increase the volume of water per trip to reduce the time required for water collection activities. Total water volume fetched per day from a remote source was obtained as a product of number of trips per day and water carried in one trip. Total water volume fetched per day from a remote source did not differ significantly between normal years (mean¼ 234.3 l/day, median ¼200 l/day) and drought years (mean¼ 222.6 l/day, median ¼200 l/day), z ¼ À1.57, p ¼0.116, r ¼ À0.088. The expected water demand per day per household was reported to be 280.8 and 276.1 l during normal and drought years respectively and did not differ significantly between normal years (median ¼ 200 l/day) and drought years (median ¼200 l/day), z ¼ À0.891, p ¼0.373, r ¼ À0.043. However, a significant difference was observed in the actual amount of water collected and the expected water demand for both normal years (z ¼ À7.533, p ¼0.000, r ¼ À0.416) and drought years (z ¼ À8.259, p ¼0.000, r ¼ À0.417). It can be concluded that respondent households are getting less domestic water than their expected water demand in both normal and drought years, with the situation being more severe in drought years, in terms of more time being spent and cumbersome water fetching activities.
About 22.6% (37 of 164) of respondents during normal years, against 35.2% (69 of 196) of respondents during drought years, reported injuries caused while fetching water from a remote source. The percentage increase in drought years is due to the increase in time needed to fetch water along with the increased distance to walk to the water supply facility than during normal years; it is also due to societal conflicts for water. About 30.5% (50 of 164) and 49.0% (96 of 196) households reported conflicts for water during normal and drought years, respectively. It is observed that only 33.6% (66 of 214) and 35.5% (70 of 214) respondents care about drinking water quality during normal and drought years respectively, while the rest have not experienced any serious water-related health problems and believe that the water they are drinking is of good quality and does not need any treatment. During normal years, no households bought water from water tankers or vendors, but during drought years about 11.7% of households bought water from water vendors, particularly households from higher income groups, as mentioned earlier. Drought and water scarcity had negative impacts on sanitation facilities in the region. Only 55.6% of respondents reported that they had access to enough water for sanitation purpose during both normal and drought years. It was also found that about 66.4% (130 of 214) respondents had access to toilet facilities (either community or in house) and 83.8% (109 of 130) of them use them. The rest of the households-about 16.2% (21 of 130) of those having access to toilets-prefer not to use them due to water scarcity. When respondents who do not have access to toiletsabout 33.6% (72 of 214)-were asked about their willingness to have toilet facilities in the future, about 85.7% (62 of 72) them responded "yes" if they had enough water for toilet use.
Apart from the comparison of normal-and drought-year water collection activities, comparisons based on respondent characteristics will help to identify factors determining the vulnerability of the community to drought. Table 3 
). This is due to the ability of comparatively high income households to fetch domestic water with the help of vehicles (motor cycles or tankers).
The Kruskal-Wallis test revealed significant differences across family size in actual water collected (l/day/household) (H(3) ¼ 11.332, p ¼0.010) and expected water demand (l/day/households) (H(3) ¼21.368, p ¼0.000) during normal years. Jonckheere's trend test statistics revealed an increasing trend between actual water collected (J ¼5757.50, z¼ 3.303, p ¼0.001, r ¼0.258), and water demand (J ¼9827.50, z ¼3.945, p ¼0.000, r ¼0.308) during normal years with family size. Similarly significant differences were observed between actual water collected (l/day/household) (H(2) ¼ 14.519, p ¼0.001) and expected water demand (liters/day/households) (H(2)¼ 10.962, p¼ 0.004) during normal years across household income. Jonckheere's trend test statistics revealed a positive trend between actual water collected (J ¼5110.00, z¼3.448, p ¼0.001, r ¼0.269) and expected water demand (J ¼8590.00, z¼ 3.213, p ¼0.001, r ¼0.251) against household income during normal years. It means that actual water use and expected water demand during normal years increased with increasing family size and income and vice versa. Similar findings were reported in the case of actual water collected and expected water demand during drought years (Table 3 ). Jonckheere's trend test statistics revealed an increasing trend between family size, actual water collected (J ¼7795.50, z ¼2.786, p ¼0.005, r ¼0.199) and expected water demand (J¼ 9434.50, z¼3.124, p¼ 0.002, r ¼0.223). Also, an increasing trend between household income and actual water collected during drought (J ¼7271.00, z ¼3.246, p ¼0.001, r¼ 0.232), and household income and expected water demand during drought (J ¼8358.50, z¼ 2.711, p ¼0.007, r ¼0.194) was observed. However, no significant differences were observed in other water collection activities (mainly actual water collected and expected water demand per day) across drought intensities. This may be because respondents tried to fulfill their water demand by fetching water from distant sources or by spending a great deal of time on water collection activities during drought episodes no matter how severe the drought was. However, the actual water collected per day was slightly less than the expected water demand per day of respondent families irrespective of normal or drought conditions.
Impacts of drought on crop production
Total cultivable area (net area available for sowing plus area sown twice a year) in the catchment is about 3.28 million ha [43] . The major crop types and their percentages in catchment cropland areas are shown in Fig. 5a . Cereal crops occupy the majority of gross cropped area (about 69.4%) in the catchment, followed by pulses (8%), oilseeds (6%), fodder (5.2%), sugarcane (4.5%), vegetables (2.9%), fruits (2.4%), fibers (0.9%), spices (0.4%), and others (0.2%). The major Kharif season crops grown in the catchment are pearl millet, maize, cotton, sugarcane, pigeon pea, groundnut, and soya bean, etc., whereas the major crops cultivated in the Rabi season are sorghum, wheat, chickpea, safflower, and sunflower, etc. The crop calendar for these crops is shown in Fig. 5b . It is found that majority of respondents involved in the questionnaire survey had sown pearl millet, maize, cotton, sorghum, wheat, chickpea, sugarcane, and onion as major Kharif and Rabi seasons crops in the year 2012. These crop areas account for 77% of the total cultivable area in the catchment. Only 20.6% of total cultivable area in the catchment is irrigated, whereas 79.3% area is rainfed. Hence consecutive years of drought (2011 and 2012) have severely affected the agricultural sector in the catchment.
Inadequate rainfall during the sowing and critical growth stages of crops severely affected production of both Kharif and Rabi season crops in 2012. Comparative histograms for major crops produced in the Upper Bhima Catchment during normal and drought years are shown in Fig. 6 and descriptive-inferential statistics are given in Table 4 . The Wilcoxon signed-rank test revealed significant reductions in production of all major crops during drought years. As a consequence of drought, reductions of about 87.2% and 67.8% in pearl millet and maize production were reported, respectively. Only a few farmers were able to harvest fully grown crops with lower yields, while others suffered the complete loss of the season's crops. Similarly, in the case of Rabi season crops, low soil moisture unsuitable for sowing, water scarcity in surface water bodies, and depleted groundwater levels caused losses in production of crops. About 81.8%, 89.1%, and 91.3% reductions in the production of sorghum, wheat, and chickpea were reported respectively during the Rabi season. In the case of sugarcane, cotton, and onions, decreases in production were observed to be about 83.5%, 98.2%, and 89.9% respectively when compared with normal-year production. It is found that a farming household has suffered an average loss of about 86.1% in crop production for the year 2012 (Kharif and Rabi seasons), which threatened household food security. Udmale et al. [21] reported an average reduction of about 30.40% in cropped area, followed by an average 39.40% reduction in crop production during the 2012 drought in the three prominent drought-prone districts of the a b catchment, namely Pune, Solapur, and Ahmednagar. Studies by Ashalatha et al. [16] and Pandey and Bhandari [19] also reported high reductions in crop production associated with drought in other parts of India. Table 5 gives the test statistics for comparison between normal-and drought-year production of major crops across respondent groups. The Kruskal-Wallis test revealed significant differences in normal-year production of sorghum (H(2)¼7.782, p ¼0.020) and wheat (H(2)¼ 15.264, p ¼0.000) against farming system (rainfed/irrigated/mixed). Normal-year production of these crops was found to be increased in the case of mixed and irrigated systems and vice versa. Similarly in drought years, significantly higher production of sorghum was observed in the case of mixed and irrigated operations compared with rainfed farming systems.
It is evident that the extent of irrigation played a key role in mitigating the drought damage to crops in respondent households equipped with irrigation facilities. Although no significant difference was observed in production of other major crops during normal and drought years, the production of these crops was increased with access to mixed and irrigated farming systems, which helped respondents to maintain their food security during drought years. For example, respondent households produced an average of 387.5 and 870.3 kg sorghum (one of the staple crops in the region) respectively from rainfed and mixed and irrigated farming systems during normal years, which reduced to 35.0 and 164.5 kg respectively during drought. Similar findings were observed in other staple crops (pearl millet and wheat). Although production during drought years dropped significantly in both cases, respondents with mixed and irrigated farming systems were found to maintain their household food security. Most of the time, the decision to grow staple crops in mixed irrigated system is intended to fulfill minimum household food security.
The Kruskal-Wallis test revealed significant differences in normal-year production of pearl millet (H(3) ¼15.029, p ¼0.002), maize (H(3)¼ 9.396, p ¼0.024), sorghum (H(3)¼ 28.413, p ¼0.000), wheat (H(3)¼ 18.334, p ¼0.000), and sugarcane (H(3)¼13.378, p ¼0.004) across land holding size. Jonckheere's trend test revealed an increasing trend in normal-year production of pearl millet (J ¼1717.00, z ¼3.889, p ¼0.000, r ¼0.424 ), maize (J ¼264.50, z¼ 2.690, p ¼0.007, r ¼ 0.476), sorghum (J ¼4517.00, z¼ 5.471, p ¼0.000, r¼ 0.474), wheat (J ¼970.50, z ¼4.195, p¼ 0.000, r ¼0.533), and sugarcane (J ¼423.50, z ¼3.278, p ¼0.001, r ¼0.518) with landholding size, which is obvious. However, no significant difference is observed in production of these crops during drought years across land holding sizes. This is due to the fact that almost all major crops showed very high reductions or nearly complete losses in production during drought.
The Kruskal-Wallis test revealed significant differences across .000, r ¼0.398), wheat (J ¼898.00, z ¼3.838, p ¼0.000, r ¼0.487), and sugarcane (J ¼340.50, z¼ 3.665, p¼ 0.000, r ¼ 0.579), and cotton (J¼ 107.50, z ¼3.484, p ¼0.000, r ¼0.743) increased. This indicates that households with higher income were able to invest more in agriculture (for seeds, fertilizers, irrigation, etc.) and were able to take risks against uncertain rainfall which resulted in higher returns during normal years. However, no significant differences were reported across household income and production of these crops during drought years, as almost all crops showed a very high reduction in production. The Man-Whitney U test revealed significant differences in drought-year production of pearl millet (U¼ 714.50, Z ¼ À1.967, p ¼0.049, r ¼ À0.215) and sorghum (U¼ 1645.00, Z¼ À3.111, p ¼0.002, r ¼ À0.270) across areas that suffered moderate intensity drought against those experiencing severe intensity drought. Drought-year production of pearl millet and sorghum was reported greater in cases of areas affected with moderate intensity drought when compared with severe intensity drought areas and vice versa.
Impacts of drought on rural employment
Failure of agriculture results in the subsequent loss of employment for farming communities in rural and other areas that are heavily dependent on agriculture and lack economic diversity [45] . The rural unskilled employment activities in the Upper Bhima Catchment can be divided into two groups: one is on-farm and second is off-farm unskilled employment activities. On-farm employment activities include farming operations such as sowing, weeding, harvesting, etc., and livestock rearing. Off-farm employment includes non-agricultural activities such as unskilled labor for the construction of buildings and roads, running small businesses, engaging in local services, and employment opportunities under Mahatma Gandhi National Rural Employment Guarantee Act (MNREGA). Table 6 gives descriptive and inferential statistics and Fig. 7 shows comparative histograms for on-farm and off-farm unskilled labor, number of working hours, and number of working days during normal and drought years. The Wilcoxon signed-rank test revealed significant decreases in the number of persons engaged, hours of work per day, and work days per week in on-farm employment activities during drought as compared with normal years (Table 6 ). It is evident that severe loss of on-farm employment opportunity is a consequence of drought.
Contrary to the case of on-farm activities, the average number of persons engaged in off-farm unskilled employment activities during drought years showed a significant increase (z¼ À2.795, p¼ 0.005, r ¼ À0.133), a rise of about 46.34%. This indicates that the loss of on-farm employment opportunities forced farmers to seek alternative sources of income in the form of off-farm unskilled employment activities. However, no significant difference is observed (z ¼ À0.137, p ¼0.891, r ¼ À0.011) in hours of work per day for off-farm unskilled employment activities between normal years (mean ¼8.13 h/day, median ¼8 h/day) and drought years (mean¼8.03 h/day, median¼ 8 h/day); and number of work days per week in off-farm employment activities (z ¼ À0.344, p ¼0.731, r ¼ À0.029) between normal years (mean¼4.82 days/week, median¼ 5.00 days/week) and drought years (mean¼ 5.16 days/ week, median ¼6 days/week). The unskilled rural labor charges were same for normal and drought years (average INR202 or US $3.72 and INR102 or US$1.88 per day for male and female laborers, respectively). Table 7 compares normal-and drought-year on-and off-farm rural employment activities across respondent groups. The number of persons engaged in on-farm labor activities during normal years showed significant differences across farming systems (H (2)¼10.194, p¼ 0.006). Jonckheere's trend test revealed a positive trend between the number of persons engaged in on-farm activities during normal years and farming system (J ¼9361.50, z¼3.180, p ¼ 0.001, r ¼0.213). The number of persons engaged in on-farm activities during normal years increased in the case of irrigated and mixed farming due to the availability of comparatively better irrigation. The number of work days in a week for onfarm employment activities during normal years were also significantly higher in case of mixed and irrigated farming systems (H (2)¼8.330, p ¼0.016). On the contrary, the number of persons engaged in off-farm employment activities was significantly higher in the case of rainfed farming systems.
A significant difference is observed in the number of persons engaged in on-farm activities during normal years across landholding sizes (H(3) ¼32.812, p ¼0.000). A positive trend is reported (J ¼11397.50, z¼ 5.431, p ¼0.000, r¼ 0.365) with increasing land holding size for the number of persons engaged in on-farm labor activities in normal years. However, during drought, the Table 6 Descriptive and inferential statistics for on-and off-farm rural employment activities during normal and drought years. number of persons engaged in on-farm activities did not differ significantly across land holding size (H(3) ¼3.939, p ¼0.268) due to the failure of agriculture as a consequence of drought resulting in a drastic reduction of on-farm employment opportunity. It is found that during normal years, the number of work days in a week for on-farm labor activities differed significantly (H(3)¼ 7.953, p ¼0.047) across landholding sizes. Jonckheere's trend test revealed a positive trend between number of work days in a week for normal-year on-farm labor activities and landholding size (J ¼8320.00, z ¼2.371, p ¼0.018, r ¼0.166). The number of persons engaged in off-farm labor activities during normal years differed significantly across landholding sizes (H(3) ¼32.441, p ¼0.000) and showed a negative trend (J¼6168.00, z ¼ À5.622, p ¼0.000, r ¼ À0.380). With an increase in landholding size, the number of persons engaged in off-farm activities during normal years decreased, which is the opposite of on-farm activities during normal years, where a positive trend is observed. This shows that households with higher land holding sizes obtain comparatively increased on-farm unskilled employment opportunity (mainly at own farm) during normal years against farmers with low landholding sizes.
Impacts of drought on household income and indebtedness
Failure of agriculture and hence on-farm unskilled employment opportunity causes financial hardship to the farming community. It is found that the respondent farming households from the Upper Bhima Catchment suffered huge economic losses and severe financial hardships as a result of the 2012 drought. Descriptive and inferential statistics for household income during normal and drought years and loan amounts availed by the respondents are given in Table 8 . The average annual income of respondent households was US$1975 (from agriculture and livestock rearing), which declined to US$288 during the 2012 drought. The Wilcoxon signed rank test revealed that the drought had a significant impact on respondents' household income (a reduction of about 85.4%) when compared with normal years (z¼ À12.655, p ¼0.000, r ¼ À0.607). A study by Pandey and Bhandari [19] in eastern India reported drops in agricultural income during a drought year in the range of 40-80% of normal-year income.
Drought weakened household income (due to crop failure and loss of employment opportunities) and forced farmers to borrow money from banks, self-help groups, money lenders, and relatives for various purposes. Similar findings were reported in [19] . The source and purpose of loans are shown in Fig. 8 . It is found that about 69% (154 of 223) of respondent households had taken loans. Out of these respondents, only 9.7% (15 of 154) respondents were paying loan installments on time; about 79.2% (122 of 154) of respondents expressed their inability to pay back loan installments on time due to lower agricultural production during drought years, while the remaining 11% (17 of 154) of respondents did not specify the reason behind delays in repayment of loan installments. Most of the respondents hold loans for agricultural development (75.3%, or 116 of 154) and livestock rearing (10.4%, or 16 of 154) activities. In addition to this, loans were taken to fulfill family expenses during drought (6.5%, or 10 of 154), repair or It is concluded that the average respondent household should spend its annual income to repay the outstanding loan amounts and accumulated interest in subsequent years, while uncertain rainfall may worsen the financial status of respondents in subsequent years if the drought is prolonged. Table 9 gives test statistics for comparison of annual household income during normal and drought years, and loan amounts availed across respondent groups. The Kruskal-Wallis test revealed significant differences in household income during normal years (H(2)¼ 34.462, p ¼0.000) and during drought (H(2) ¼6.190, p¼ 0.045) across farming systems. Respondents equipped with irrigation and mixed farming systems had higher incomes during normal as well as drought years. Further, the loan amounts availed were significantly higher in the case of mixed and irrigated farming systems due to the higher income associated with the higher investment therein. Normal-year household income varied significantly across landholding sizes (H(3) ¼78.001, p ¼0.000); however, no significant difference was observed in drought years. Jonckheere's trend test reported a positive trend between normalyear household income and landholding sizes (J ¼13922.50, z¼ 9.156, p¼ 0.000, r ¼0.622). Similarly, a significant difference was observed in the case of loans availed across annual household income (H(2) ¼27.535, p ¼ 0.000) with a positive trend (J ¼4999.50, z ¼4.692, p ¼0.000, r ¼0.378). With an increase in average annual income, loan holding amounts increased. This demonstrates the risk-taking ability of high income households to invest more in agricultural development. It is found that respondents from severely affected areas had significantly lower loan amounts than those of respondents from moderately drought affected areas (U¼2064.00, Z¼ À3.169, p ¼0.002, r ¼ À0.255). Possible reasons behind this could be that the anticipated decrease in household income may have affected the financial decisions of respondents from severely affected areas. However, this situation would have been opposite in following years of drought, as respondents from severely affected areas would need more loans to cope up with a preceding year income loss.
The econometric analysis by Kendall's Tau correlation matrix that illustrates the relationship between capitals possessed (land holdings and livestocks) and household income and loan amounts availed is given in Table 10 . A significant positive correlation was observed in the case of total landholdings as well as land holdings under irrigated farming systems with normal-and drought-year income as well as loan amount availed. This means that farmers with large landholdings and with irrigation facilities are found to be investing more in their farms and also getting higher returns from them during normal as well as in drought years. A study by Grey and Sadoff found a direct correlation between investments in irrigation coverage and significant increases in income or declines in poverty in districts of India [48] . Similarly, the number of livestock owned by respondent community showed a positive correlation with normal-and drought-year income, which illustrates the role of livestock rearing in coping with drought in these areas.
Conclusions
Recurrent drought is one of the major challenges of the rural farming community of Maharashtra State. In 2012, extreme drought occurred in Central Maharashtra and Marathwada divisions of the state. This resulted in devastating impacts on rural livelihoods, severely affecting water supply and agriculture sectors. This study evaluates the impacts of the 2012 drought on domestic water supply, agriculture, unskilled rural employment, and the financial status of rural farming households.
As a consequence of drought, access to domestic water supply was cumbersome and time spent on water collection activities almost doubled when compared with the time required in a year with normal rainfall. On average, respondent households spent 20 min/trip to fetch water from remote sources during normal years, which increased to 41 min/trip during drought. If we multiply average time spent per trip by number of trips to fetch water in a day, then the average time spent by a respondent household to fetch water from remote sources in a day was about 2.2 and 4.0 h during normal and drought years, respectively. A similar study in a district of Gujarat has reported nearly 5 h a day spent nn Correlation is significant at the 1% level. n Correlation is significant at the 5% level.
collecting water from remote sources during drought [46] . The average time spent for water collection activities by respondent households in a day during normal years was also high due to substandard quality, low water pressure, rush for water, and the frequent breakdown of piped water supplies for longer periods, etc., and the situation becomes worse during drought. Similar domestic water supply issues in rural India are discussed in a study by Basu et al. [47] . It is found that the respondents were unable to fulfill their expected water demand during normal as well as drought years, which is evident of serious water scarcity faced by communities residing in drought-prone areas. More time spent for water collection activities resulted in loss of employment opportunity and decreased participation in social activities, particularly in the case of women, and this also affected the schooling of children. Drought and water scarcity had negative impacts on the use of sanitation facilities in the region. The actual water use and water demand during normal years increased with increases in household size and income. Larger size and lower income households are found to be more severely affected by drought in terms of impacts on domestic water collection activities (more time for water collection activities) when compared with households of smaller size and higher income. To overcome the shortages of rural drinking water supply in rural areas, a retrospective analysis of existing water supply facilities should be made in order to identify the causes of failure and to undertake appropriate countermeasures. To ensure water security in rural areas, localized initiatives, including location-specific strategies, need to be formulated with effective community participation in conjunction with other developmental programs [47] .
Drought resulted in devastating impacts on agricultural crop production and livestock. Respondent households suffered an average reduction of about 86% in the production of major crops. The extent of irrigation played a key role in mitigating drought damage to crops. The production of major crops showed an increasing trend with access to mixed and irrigated farming systems during normal as well as drought years. This shows the importance of bringing more crop areas under irrigation to increase farmers' adaptive capacity to drought. Households with rainfed farming systems, small to marginal landholding size, and low income were found to be more vulnerable to drought. Drought threatened their household food security and income. However, households with irrigated and rainfed farming systems, large land holding size, and high income were able to cope with droughtdriven household food insecurity.
Crop failure subsequently affected livestock rearing and rural employment activities, resulting high reductions in on-farm unskilled employment opportunities and an increase in unskilled labor in off-farm rural employment activities. Drought caused severe decreases in the annual income of respondent households and resulted in financial hardship, forcing them to seek alternative source of income (off-farm employment) or loans with high interest rates. On average, a respondent household reported a decrease of 85.4% in annual income from crop production and livestock and was found to be availing loan amounts approximately equal to the respondent's normal annual income (INR107,000). This explains the severity of drought impacts on farmers' income and the financial hardships faced by farmers due to the drought in 2012. This situation could have been worsened by a second consecutive year of severe drought.
The study concludes that the respondents with large family size, low to marginal land holding size, low income, and rainfed farming systems were found to be severely affected by drought; special attention should be given to them when implementing drought adaptation and mitigation measures. It should be noted that the limitations of questionnaire surveys apply to this study. It highlights local drought impacts observed in the case of randomly selected respondent households and its scope is limited to the 2012 drought; however, data from secondary sources can be used for temporal comparison of drought impacts against drought intensity in future studies. Based on the limitations of the present study, the following recommendations will help in the commission of future research:
1. Studies are required to develop individual agricultural land holdings, with ground-referenced online databases using remote sensing and geographical information systems and incorporating the socioeconomic characteristics of households and farming decisions. This will help to monitor drought impacts (and impacts from other hazards) and to design agricultural damage compensation packages in the long run for farmers suffering from natural disasters and to take appropriate mitigation measures at local levels. 2. Studies for modeling propagation of drought impacts from local to state and national level are recommended. Modeling the impacts of drought on a particular sector based on drought intensity can be very useful for policy makers to take appropriate decisions. 3. Studies need to be carried out that emphasize policies that can be implemented in the short to medium term to reduce the length of time taken by a farming community to recover its losses and productive capacity after a drought event,.
